ABSTRACT
). "Generic" residues are conserved in all species of factor IX and also in factor VII, factor X, and protein C (Fig. 1 , circles). Factor IX "specific" residues are conserved in all examined species of factor IX but not in any of the related proteases ( Fig.  1, squares) . "Partially generic" residues are conserved in all the species of factor IX and in one or two of the three related proteases (Fig. 1, pentagons) . The remaining residues are nonconserved (no surrounding shape). Approximately equal numbers of amino acids are in each class, but there are dramatic differences in the likelihood that a mutation will cause hemophilia. Of 81 independent missense mutations, the majority occurred at generic residues whereas only one occurred at a nonconserved residue. Relative to missense changes in generic residues, missense changes in partially generic, specific, and nonconserved residues are 2.5, 7, and 33-fold less likely to cause hemophilia B, respectively. These data are not compatible with a previous model in which some of the possible amino acid substitutions at a "typical" residue disrupt function while others do not (43, 44). Instead, these data and additional correlations between missense mutations and factor IX evolution support a model in which most residues fall at extremes in the number of allowable substitutions.
In approximately 40% of the residues, any missense mutation will cause disease whereas virtually no missense mutations will cause disease in most of the remaining residues. These remaining residues may be viewed as "spacers": residues in which the main chains are necessary to keep the critical amino acids in register, but the nature of the side chain is unimportant.
Many of these "spacer" residues appear conserved in mammals because insufficient evolutionary time has elapsed to fix changes in all the unimportant residues.
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